Male reproductive disorders that are of interest from an environmental point of view include sexual dysfunction, infertility, cryptorchidism, hypospadias and testicular cancer. Several reports suggest declining sperm counts and increase of these reproductive disorders in some areas during some time periods past 50 years. Except for testicular cancer this evidence is circumstantial and needs cautious interpretation. However, the male germ line is one of the most sensitive tissues to the damaging effects of ionizing radiation, radiant heat and a number of known toxicants. So far occupational hazards are the best documented risk factors for impaired male reproductive function and include physical exposures (radiant heat, ionizing radiation, high frequency electromagnetic radiation), chemical exposures (some solvents as carbon disulfide and ethylene glycol ethers, some pesticides as dibromochloropropane, ethylendibromide and DDT/DDE, some heavy metals as inorganic lead and mercury) and work processes such as metal welding. Improved working conditions in affluent countries have dramatically decreased known hazardous workplace exposures, but millions of workers in less affluent countries are at risk from reproductive toxicants. New data show that environmental low-level exposure to biopersistent pollutants in the diet may pose a risk to people in all parts of the world. For other toxicants the evidence is only suggestive and further evaluation is needed before conclusions can be drawn. Whether compounds as phthalates, bisphenol A and boron that are present in a large number of industrial and consumer products entails a risk remains to be established. The same applies to psychosocial stressors and use of mobile phones. Finally, there are data indicating a particular vulnerability of the fetal testis to toxicants-for instance maternal tobacco smoking. Time has come where male reproductive toxicity should be addressed form entirely new angles including exposures very early in life.
Introduction
There are several reasons why reproductive and environmental epidemiologists have taken interest in male reproductive health. Infertility is a common disorder affecting some 10%-15% of all couples trying to conceive and subfertility has become a dramatically increasing problem in affluent countries. Couples postpone having children to after 30 years of age, where the biological fecundity of women rapidly starts to decline. Although it still is a matter of conjecture whether human sperm counts have declined during some time periods [1] , it has during past 10-20 years become established that young men in some regions have semen quality that is suboptimal with a reference to sperm count values that provide the greatest probability to fertilize [2] . In Denmark and other countries some 25%-40% of young men have npg sperm counts that are low according to this biological reference [3] . A large and comprehensive population based study in the Chongqing region of Southwest China indicated that 60% of men had at least one semen characteristic below current World Health Organization (WHO) reference values [4] . The causes of low sperm count and poor semen quality are unknown in the vast majority of cases. From a toxicological point of view the spermatogenesis is expected to be vulnerable to reproductive toxicants because of the continuously ongoing large number of cell divisions and sperm cell diffentiation and maturation processes. Indeed, a large number of toxicological studies in rodents documents that specific cells and specific stages of sperm cell development are vulnerable to specific toxicants ( Figure 1 ). Moreover, sad experience from the occupational arena clearly documents that also human spermatogenesis may be vulnerable to chemicals at very low exposure levels not causing intoxication. The dibromochloropropane (DBCP) tragedy that was disclosed in 1977 in California [5] and the subsequent year in Israel [6] was a strong impetus for intensified research into environmental hazards to male reproductive health [7] (Figure 2 ).
Occupational hazards
Boron is a light metal that has wide-spread industrial uses. Testicular toxicity has been demonstrated in rat, mice and dogs at rather low dose levels in the range of 17-20 mg boron per kg body weight per day [8] . Since testicular toxicity in rodents is a good predictor of testicular toxicity in humans, the experimental results are of major concern. Most highly exposed are workers implied in boron mining and processing. There are indications that exposure to boron is related to change of the ratio between X and Y bearing spermatozoa in human ejaculate [9] , but so far there are no indications that boron exposure cause reduced sperm counts in the boron mining industry [10] . It is well-established that radiant heat can reduce sperm counts with a delay of some weeks and occupational studies have indeed shown that foundry and steel workers, specialized welders, and bakers may have reduced fertility and sperm counts [11, 12] .
Since several studies have shown that the sitting position in office work is associated with higher scrotal temperature than work in the standing or walking position, the posture might be an important factor in causing reduced fertility in modern societies. However, so far there are no indications that office workers experience impaired fertility because of posture. Although the sitting position may cause increase of scrotal temperature, this increase seems not strong enough to disrupt spermatogenesis that may recover during other parts of the day [13, 14] . Research during past 25 years has identified a large number of chemicals and occupational exposures that may impair male fertility (Table 1) [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . It should, however, be acknowledged that epidemiological studies of male fertility and semen quality are beset with a number of pitfalls and methodological limitations crude exposure assessment, low participation rates, inadequate study size and lacking quality assurance of the semen analysis [27, 28] . As a result in many cases the evidence must be considered as limited or circumstantial. Notable exceptions are exposure to inorganic lead that reduce sperm counts at exposure levels above 40 µg dL -1 blood [41] and possibly impairs fertility at considerably lower levels [42] . Other examples of established risk factors are ionizing radiation, certain organic solvents and certain pesticides. Therefore the general practitioner and the andrologist must bear in mind that occupational npg exposure can be a significant factor in unexplained male fertility. If in doubt the patient should be referred for a qualified exposure assessment at an occupational clinic. If a hazardous exposure cannot be eliminated, it may become necessary to transfer the man to other working tasks under close monitoring of semen quality which after months to years may recover following a toxic exposure.
During the past decade environmental exposures have also received attention. Several studies from the Limpopo Province in South Africa and studies from Mexico have consistently indicated impaired semen quality associated with environmental dichlorodiphenyl-ethylene (DDT)-exposure among people living in endemic malarias areas [43, 44] . The question whether malarial fever could explain the results has unfortunately not been addressed. The environmental exposure levels in these studies are high compared to current levels of DDT and DDT-metabolites in populations of other parts of the world, where low-level DDT exposure has not been associated with reduced sperm counts or male infertility [45, 46] . In any case it is , disturbing that low-level exposure to PCBcongeners apparently interferes with sperm cell motility and sperm chromatin integrity in humans--findings that are consistent with experimental studies [47] .
Fetal exposure
The discovery that testicular cancer originates in fetal life has highlighted the possible importance of environmental or industrial exposures taking place early in life and has resulted in the hypothesis that reduced semen quality, testicular cancer and male congenital malformations as hypospadias and cryptorchidism to some degree may share etiologic factors [48] . The fact that fetal exposure may indeed be important is demonstrated by several Danish studies that now consistently indicate that mothers' tobacco smoking during pregnancy is related to rather strong reduction in sperm counts in male offspring. It also seems that fetal exposure to tobacco smoking has stronger impact on semen quality than smoking during adult age [49] [50] [51] [52] [53] . Studies of twins, half and full siblings also indicate that early exposures taking place in-utero are important in causing cryptorchidism [54] . When several of the very large mother child cohorts that were established during the 1990s become old enough to study infertility in the offspring, we can expect to learn much more about the importance of fetal exposures with respect to male reproductive health.
Male mediated development toxicity
The question whether exposure of men may result in pregnancy failure or disorders in the offspring independent of maternal exposures and conditions is continuously of concern although still unsettled in humans [55] . This question is important, because men may experience more heavy exposure than women and because little attention is paid to this possibility, so men often take no special precautions to avoid harmful exposures during fertile age. In 1995 the US Institute of Medicine Committee stated that "the prevailing view is that exposure of the human male to chemicals and ionizing radiation is generally unrelated to the occurrence of developmental endpoints such as miscarriage, birth defects, growth retardation and Table 1 . Chemical and physical exposures that have been associated with reduced semen quality or impaired male fertility (for systematic reviews, see [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] npg cancer" [56] . The question is, however, whether lack of convincing examples of male mediated developmental toxicity in humans is due to the non-existence of this phenomenon due to huge methodological challenges in demonstrating effects. A large body of evidence in rodents unequivocally shows that paternal exposure to a variety of chemicals induces embryonic lethality and other abnormal reproductive outcomes [57] . Moreover, chromosomal aberrations in zygotes are critical intermediates between paternal exposure and abnormal reproductive outcomes. There is also strong animal experimental evidence indicating absence of selection against DNA damage (aneuploid) at fertilisation and that male mediated embryonal loss may take place at dose levels not affecting fertility or sperm counts [58, 59] . Finally, deficient repair mechanisms in the postmeotic sperm cell and the egg cell may be part of the explanation. Nevertheless, it must be acknowledged that we are still awaiting clear evidence for the existence of such a risk in humans. So far, studies of ionising radiation in atomic bomb victims and offspring in relation to paternal smoking have not provided this evidence.
New research avenues
There has during the past decade been a notable shift in interest from occupational to environmental exposures and from exposures taking place during adult life to exposures taking place in early life--in particular in-utero. It is expected that we during the next decade will learn much more about possible consequences of in-utero exposures to xenobiotics disrupting endocrine regulation, to mutagens and other toxicants, following exposure to nano-particles and possibly consequences of long-term severe psychosocial exposures. Other areas of high interest are gene-environment interaction and male-mediated development toxicity.
